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METHOD AND APPARATUS FOR OVERLAYING TWO 
CDMA SYSTEMS ON THE SAME FREQUENCY 
BANDWIDTH 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

The invention relates to commtinication systems. In particular^ the 
invention relates to overlaying code division multiple access communication 
systems. 

II. Description of the Related Art 

The wireless medium is becoming one of the predominate means by 
which voice information and digital data are transferred in modem society. 
In wireless communication systems, it is common that a single base station 
transmits signals to a plurality of remote units. In order to combat the harsh 
multipath wireless transmission channel while providing signaling to a 
plurality of remote imits, modulation and coding schemes which provide 
efficient data transfer, as well as user channelization, have been developed. 
In general, these schemes operate most efficiently when each signal from a 
base station is transmitted with S5mchroni2ed timing. For example, in a 
typical code division multiple access (CDMA) system, the signals are 
distinguished from one another through the tise of different codes. In the 
case of transmissions from a base station to a remote unit, these codes are 
typically an orthogonal set of codes such as, for example, Walsh functions. If 
the transmissions corresponding to one orthogonal channel become 
misaligned with the transmissions corresponding to another channel, the 
orthogonal nature of the codes is degraded and the transmissions may 
significantly interfere with one another. - 

Figure 1 is an exemplifying embodiment of a terrestrial wireless 
communication system 10. Figure 1 shows three remote tmits 12A, 12B and 
12C and two base stations 14. In reality, typical wireless communication 
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systems may have many more remote imits and base stations. In Figure 1, the 
remote iinit 12A is shown as a mobile telephone vinit installed in a car. Figure 
1 also shows the portable computer remote unit 12B and the fixed location 
remote unit 12C such as might be found in a wireless local loop or meter 
reading system. In the most general embodiment, the remote units may be 
any type of communication unit. For example, the remote units can be 
hand-held portable units, portable data tmits such as a personal data assistant, 
or fixed location data units such as meter reading equipment. Figure 1 shows 
a forward link signal 18 from the base stations 14 to the remote units 12 and a 
reverse link signal 20 from the remote units 12 to the base stations 14. 

In the discussion that follows, to aid in illustration, the invention is 
described with reference to a commonly known, wireless link industry 
standard. In fact, the generic principles of the invention can be directly 
applied to many multiple access communication systems. The discussion that 
follows assumes operation in accordance with the system described in 
TIA/EIA/IS-95-A and its progeny, the contents of which are incorporated 
herein by reference, published by the Telephone Industry Association entitled 
"Mobile Station-Base Station Compatibility Standard for Dual-Mode 
Wideband Spread Spectrum Cellular System" commonly referred to as IS-95. 

In a typical wireless commtmication system, such as that illustrated in 
Figure 1, some base stations have multiple sectors. A multi-sectored base 
station comprises multiple independent transmit and receive antennas as well 
as independent processing circuitry. The principles discussed herein apply 
equally to each sector of a multi-sectored base station and to a single sectored 
independent base station. For the remainder of this description, therefore, the 
term *l?ase station" can be assumed to refer to either a sector of a 
multi-sectored base station or a single sectored base station. 

In systems using IS-95, remote units use a common fi*equency 
bandwidth for communication with all base stations in the system. Use of a 
common frequency bandwidth adds flexibility and provides mariy 
advantages to the system. For example, use of a common frequency 
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bandwidth enables a remote unit to simultaneously receive communication 
signals from more than one base station, as well as transmit a single signal 
for reception by more than one base station. The remote unit discriminates 
between the simultaneously received signals from the various base stations 
through the use of the spread spectrum CDMA waveform properties. 

In a wireless system, maximizing the capacity of the system in terms of 
the number of simultaneous calls that can be handled is extremely important. 
If a minimum acceptable signal quality is specified, an upper bound on the 
number of simultaneous users which can communicate through a base station 
can be calculated. With some simplifications, the amount of power that a 
remote unit must transmit is given by Equation 1: 



eq 



Eq.l 

wherein: 

N is the number of remote units operating within a common coverage 
area; 

R is the average data rate, which is assumed the same for all remote 
units; 

W is the spreading rate; 

Nq is the thermal noise floor of the base station plus interference from 
non-power controUed soxarces; 

Nt 



is the required energy per noise spectral density for a remote 



unit, which is assumed equal for each remote unit; and 
a is the interference coupling coefficient from all other coverage areas. 
The upper bound on the number of simultaneous users is commonly referred 
to as the pole capacity of a system and is given when the denominator of 
Equation 1 is equal to zero. The ratio of the actual number of users to the pole 
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capacity is defined as the loading of the system. As the number of actual 
users approaches the pole capacity, loading approaches unity. A loading 
close to unit}' implies potentially unstable behavior of the system. Unstable 
behavior can lead to degraded performance in terms of voice quality, high 
5 error rates, failed handoffe and dropped calls. In addition, as loading 
increases, the required output power of the remote unit increases. Because 
the output power of the remote unit is limited, the size of the coverage area of 
the base station shrinks such that users on the outer edge of the no-load 
coverage area are no longer be able to transmit sufficient power to 

10 communicate with the base station at an acceptable signal quality when the 
base station becomes heavily loaded. Equation 1 is specifically for the reverse 
link. However, there is a comparable equation for the forward link with 
comparable effects. For the forward link, as the loading increases, flie 
required output power of the base station increases. 

15 For these reasons, it is advantageous to limit the number of users 

which access the system such that loading does not exceed a specified 
percentage of the pole capacity. One way to limit the loading of the system is 
to deny access to the system once the loading of the system has reached a 
predetermined level. For example, if the loading increases above 70% of the 

20 pole capacity, it is advantageous to deny requests for additional connection 
originations and to refrain from accepting hand-off of existing connections. 

When two CDMA systems are operated within a common 
bandwidth, these same issues of loading as well as time and phase 
synchronization are still important. If the two systems are overlaid without 

25 paying attention to their tmderlying properties, resulting capacity can be 
quite low. This is particularly true for the forward link where the signals 
radiated by the base station are typically orthogonal. For example, the 
forward link wave forms described in the above-referenced IS-95 are 
orthogonal to one another. If the overlaid signal set is not orthogonal to the 

30 existing signal set, then the capacity reduction -can be quite large. In order to 
maintain orthogonality, the two systems must be time synchronized with 
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one another. In addition, the capacity of the two systems is also related in 
that the loading on the first system acts as interference to the second, thereby 
decreasing the capacity of the second system, and the loading on the second 
system acts as interference to the first, thereby decreasing the capacity of the 
first system. 

Use of a pilot signal improves the capacity on the forward link. The 
pilot signal is used for acquisition and channel estimation such as, for 
example, timing, phase, power control, and received symbol weighting. The 
other signals transmitted by the base station have a knovm and constant 
phase alignment with respect to the pilot signal. To avoid transmitting 
multiple pilot signals, it is preferable to maintain the constant phase 
alignment with respect to the overlaid channels. 

When deploying a second CDMA system in the presence of an 
existing system, the existing system is not typically configured with the 
capability of interfacing with a second type of system. Therefore, the 
existing system does not typically provide the outputs or accept the inputs 
which are required to achieve synchronization and co-ordinate loading 
between the two systems. In contrast, the new system can be designed with 
such an overlay configuration in mind. In order to reduce the cost of 
deploying a second overlay system, it is important to avoid modification of 
the existing system. 

Therefore, there is a need in the art for a system and method for 
overlaying two CDMA systems on the same frequency bandwidth. 

SUMMARY OF THE INVENTION 

In order to overlay a second CDMA system over an existing system, 
the timing of the signals transmitted by each system needs to be aligned. In 
order to avoid modifying the existing system, a sync imit is used to receive 
signals from the first and second systems. By comparing the timing of the 
signals, an error signal indicative of a timing offset is generated. The timing 
error signal is coupled to the second CDMA system and is used to adjust the 
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timing of the second system in order to reduce the timing difference 
between the two systems. In some cases, the phase of the two systems is 
aligned in a similar manner. 

When a second GDMA system overlays an existing system, the 
5 capacity of each system is limited by the loading on the other system. In one 
embodiment, the sync unit also measures the power of a set of signals 
transmitted by both systems and determines therefrom a level of loading. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 Figure 1 is a block diagram of an exemplifying terrestrial wireless 

commimication system. 

Figure 2 is a frequency domain spectral plot showing the spectral 
characteristics of a cdma2000 system and an IS-95 system. 

Figure 3 is a block diagram showing a basic structure w^hich can be 
1 5 used to implement the invention. 

Figure 4 is a block diagram of the sync tmit of the invention. 
Figure 5 is a block diagram of a cellular system in which the overlay 
. system utilizes an auxiliary pilot channel. 

Figure 6 is a representative drawing showing the use of a directional, 
20 spot antenna. 

Figure 7 is a flowchart illustrating phase synchronization according to 
the invention. 

Figure 8 is a flowchart showing load control according to the 
invention. 

25 

DETAILED DESCRIPTION OF THE INVENTION 

When a third generation, broadband, code divisional multiple access 
(CDMA) system is deployed in a service area previously providing an 
earlier generation of a CDMA system, it is often advantageous to overlay the 
30 operating spectrum of the broadband system with the existing system. For 
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example, a cdma2000 system using an IX mode spreading rate of 1.2288 
Mcps (a bandwidth of approximately 1.25 MHz) can be overlaid in an older 
generation IS-95 system which also uses a spreading rate of 1.2288 Mcps (a 
bandwidth of approximately 1.25 MHz). The cdma2000 system also has a 3X 
5 mode which uses a spreading rate of 3 x 1.2288 Mcps (a bandwidth of 
approximately 3.75 MHz). One of the cdma2000 3X modes has a 
multicarrier forward link which can overlay an older generation IS-95 
system or a cdma2000 IX system. 

Figure 2 is a spectral plot showing the spectral characteristics of the 

10 forward links for the cdma2000 system and the IS-95 system. Spectrum 100 
represents one channel of the cdma2000 system operating in 3X mode and 
spectrums 102, 104 and 106 represent the spectrum for 3 IS-95 or cdma2000 
IX mode channels. Spectrums 102, 104, and 106 also represent each carrier 
of the cdma2000 3X multi-carrier system. In order for such an overlay 

15 system to operate properly, both systems operate with a common timing so 
that the systems do not cause excessive interference to one another. If a 
common pilot channel is used, the tw^o systems transmit their forward link 
code channels using a common phase which is aligned to a common forward 
link pilot channel phase. In addition, because these systems share the same 

20 bandwidth, the combined loading of both systems together must remain 
below an operating threshold in order to maintain system stability. 

Figure 3 is a block diagram showing a basic structure which can be 
used to implement the invention. A mobile switching center (MSC) 110 
couples the cellular system to the public switch telephone network (PSTN). 

25 The MSC 110 is coupled to one or more base station controllers (BSC) 112 for 
the existing system. The BSC 112 provides control for a set of base stations 
such as the base station transceiver subsystem (BTS) 114. The BSC 112 
provides control functions such as distribution of forward link signals to the 
base station transceiver subsystems as well as signal combination for reverse 

30 link signals received from the base station transceiver subsystems. The base 
station transceiver subsystems such as BTS 114 are typically scattered 
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throughout the coverage area of the system in order to provide service to a 
corresponding base station coverage area. The BTS 114 provides the 
encoding and modulation as well as other features of the physical link in 
order to create the radio frequency (RF) signal for transmission over the 
wireless link for an existing system, such as an IS-95 system or cdma2000 
system operating in IX or 3X mode. The base station transceiver subsystem 
is typicaUy coupled directly to an antenna, set of diversity antennas, or 
antenna array such as the antenna 122 shown in Figure 3. 

In addition to the existing system. Figure 3 also shows an overlay 
system. Although alternative implementations can be developed, in Figure 
3, the overlay system operates under the control of the MSC 110. The MSC 
110 is coupled to an overlay base station controller 116 which provides 
control of a set of overlay base station receivers such as an overlay BTS 118 
shovm in Figure 3. In the example Figure 3, the overlaid BSC 116 and the 
existing BSC 112 are connected to the same MSC 110. However, each the 
existing and overlaid BSCs can be connected to different MSCs. The overlay 
BTS 118 creates and receives wireless lirJc signaling according to a second 
CDMA protocol such as an IS-95 system or cdma2000 system operating in 
IX or 3X mode. 

In order to maintain a common phase and timing, the signals 
transmitted from each system can be transmitted through a common 
antenna. Therefore, a combiner 120 couples the existing BTS 114 and the 
overlay BTS 118 to the antenna 122. As shown in Figure 3, the combiner 120 
combines the output of the power amplifiers (not shov^) of the exiting BTS 
114 and the overlay BTS 118. However, generally, the combiner 120 can be 
implemented at one of many stages within the transmit chain. For example, 
in one embodiment, the combiner operates at an intermediate frequency, at 
analog baseband or at digital baseband. 

Likewise, in the configuration shown in Figure 3, the combiner 120 
couples the antenna 122 to a low noise amplifier (not shown) within the 
existing BTS 114 and the overlay BTS 118. However, in alternative 
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embodiments the combiner may be connected at other points within the 
receive chain. In yet another embodiment, the receive path of the existing 
base station 114 and the overlay base station 118 are independent of one 
another. For example, Figure 3 shoves the transmit and receive portions of 
the existing and overlay BTSs combined. However, the transmit and receive 
sections may be separate and may use different antermas. 

The introduction of the overlay system is facilitated by a sync unit 
128. In one embodiment, the sync imit 128 is coupled to an independent 
antenna 126 which is positioned within the coverage area of the antenna 122. 
In another embodiment, the sync unit obtains signal energy used to extract 
timing, signal phase, and loading, by using a coupler, such as a directional 
coupler, in the transmission lines between the combiner 120 and the antenna 
122, In still yet another embodiment, the sync vmit obtairis timing and phase 
information through a pair of couplers with one coupler in the transmit 
chain or transmission line of the existing base station and the other coupler 
in the transmit chain or transmission line of the overlay base station. In the 
context of this invention, the transmit chain is some portion of the BTS 
handware itself and the transmission line is the feedline from the output of 
the power amplifier in the BTS to the antenna. In general, the transmitted 
signal can be obtained from any point where the appropriate information 
needed to determine timing, phase, loading can be obtained. When using 
information obtained from the transmit chain of a BTS, it is not necessary to 
use a single location for all pieces of information. For example, timing 
signals can be obtained in one part of the BTS and power levels can be 
obtained from another part of the BTS. However, if other than the antenna 
is used, it is possible to have errors between the location in which the 
information is obtained and the signal radiated by the anterma. As a result 
of these errors, the accuracy of setting timing, setting phase, or determiiting 
the load may be degraded. These issues are well know to those skilled in the 
art who understand the teaching of this invention. As shown in Figure 3, the 
sync unit 128 is also coupled to the overlay BTS 118. However, in alternative 
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embodiments, the sync unit 128 could be coupled to the existing base station 
114 instead of the overlay base station 118. In general, however, the sync 
unit 128 facilitates time and phase synchronization of the two systems 
without requiring an additional input or output to the existing system. The 
sync unit 128 functions to synchronize the timing and phase of the overlay 
base station with that of the existing base station. 

In order to maintain the orthogonality between the signals 
transmitted by the existing BTS 114 and the signals transmitted by the 
overlay BTS 118, the timing of the BTS's 114 and 118 must be aligned with 
one another as perceived by the remote tmits within the corresponding 
coverage area. In the cdmaZOOO system, only timing must be aligned in 
order to maintain orthogonality with an IS-95 system. However, other 
systems may require the signal phase to also be aligned. . In addition, in 
order to use a common pilot channel, the phase must be aligned between the 
existing system and the overlay system. 

For example, when overlaying a cdma2000 system with an IS-^5 
system, the code channels should be time-aligned within about one sixteenth 
(1/16'^) of a PN chip or approximately 50 nanoseconds. As the time- 
alignment error increases, the signals transmitted by the existing and the 
overlay base stations become less orthogonal. Signals which are not 
orthogonal interfere which each other and result in a lower system capacity. 

In one embodiment, the overlay system uses the same pilot channel as 
the existing system. In this embodiment, the phase of each CDMA code 
channel transmitted by the overlay BTS 118 must be phase-aligned with the 
pilot signal transmitted by the existing BTS 114 because the remote uses the 
pilot signal transmitted from the existing BTS 114 to form a phase reference 
to demodulate the data signal from the overlay BTS 118. 

Figure 4 is a block diagram of the sync unit 128. In one embodiment, 
the sync unit 128 includes a pilot signal receiver 140, The construction of the 
pilot signal receiver can be very similar to the construction of a remote unit 
to implement well-known techniques of receiving a pilot signal in a CDMA 
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system. In addition, the sync iinit 128 includes an overlay channel receiver 
142 which serves to receive a channel from the overlay base station. For 
example, in a cdma2000 system, the overlay channel receiver 142 (which can 
also be constructed according to well-known techniques) can be used to 
receive the Forward Common Control Channel (F-CCCH), the Forward 
Broadcast Control Channel (F-BCCH), or any other signal transmitted by the 
overlay base station. Preferably, the monitored signal is transmitted 
continuously. The pilot signal receiver 140 generates a timing and phase 
signal. The overlay channel receiver 142 also generates a timing and phase 
signal. In one embodiment, a single signal is generated indicative of both 
timing and phase. In another embodiment of this invention where phase is 
not needed, only timing information needs to be obtained. 

A phase discriminator 144 compares the phase signal output by the 
pilot signal receiver 140 to the phase signal output by the overlay channel 
receiver 142 and generates an error signal indicative of the phase difference 
between these signals. The construction of the phase discriminator 144 can 
be according to any number of well-known devices for implementing 
techniques for determining phase error or phase differences. In alternative 
embodiments, the sync unit could monitor some other channel transmitted 
by the existing base station such as the paging channel or sync channel. In 
yet another ahemative embodiment, the overlay BTS 118 transmits the pilot 
signal which is monitored by the sync unit 128 and the sjoic unit 128 
monitors another channel transmitted by the existing BTS 114. 

The phase error signal output by the sync unit 128 is coupled to a 
phase error input of the overlay BTS 118. The overlay BTS 118 uses the 
phase error signal to modify the phase of the transmitted signal from the 
overlay BTS 118 in order to decrease the size of the phase error. This process 
can be accomplished by many well-known methods depending on the 
individual design of the overlay BTS 118. For example, the phase error can 
be used to control a voltage coritrolled oscillator (VCO) which is used to 
generate one or more of the local oscillator frequencies for the overlay BTS 
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118. Alternatively, a phase shifter or delay line can be developed within the 
analog or digital circuitry which is controlled by the error signal from the 
sync unit 128. In an alternative embodiment, the output of the sync xmit 128 
can be coupled to the existing base station 114 and used to adjust the phase 
5 thereof. In general, the process aligns the phase of the signals transmitted by 
the overlay BTS with the signals transmitted by the existing BTS. Because 
the signals from the existing BTS are aligned with each other, and the signals 
from the overlay BTS are aligned with each other, this alignment has the 
effect of phase aligning all of the signals with each other. 

10 In much the same manner, the sync imit 128 can be used to align the 

timing of the overlay BTS 118 with the timing of the existing BTS 114. A 
time error detection imit 146 within the sync imit 128 generates an error 
signal reflecting the relative timing of the signal output by the existing base 
station 114 and the overlay base station 118. In general, the existing base 

15 station 114, as well as the overlay base station 128 comprise a timing 
generator which is configured to be adjusted in order to sjmchronize the 
system time to a universal reference. The timing error signal generated by 
the sync imit 128 can be coupled to the timing generator to adjust the timing 
between the existing base station 114 and the overlay base station 118 so that 

20 the tinung error decreases. Because the signals from the existing BTS are 
aligned with each other, and the signals from the overlay BTS are aligned 
with each other, this alignment has the effect of time aligning all of the 
signals with each other. 

Another important aspect associated with overlaying a second 

25 CDMA system over an existing CDMA system is the need to control the 
loading on each system. The loading is important for determining the 
admission policies. Admission policies refer to the decisions that the 
wireless system needs to make on whether to permit additional voice or data 
calls to be added, permit higher data rates to be used. These admission 

30 policies in turn increase or decrease loading. As noted above, in general, the 
number of active traffic channels is indicative of the loading of the system 
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but it is not dispositive. Thus, simply counting the number of active traffic 
channels and passing this information from the existing BTS 114 to the 
existing BSC 112 and to the MSC 110 and from there to the overlay BSC 316 
and finally to the overlay BTS 118 does not provide an accurate estimation of 
the loading on the system. In addition, such a scheme involves the 
modification of the exiting system. However, in order to avoid arbitrary 
admission limits on each system, it would be advantageous to develop a 
composite measure of loading. The composite measure of loading can be 
used to influence the admission policies of the overlay BTS 116 and the 
existing BTS 114 so that the total load on each of the BTS's remains within a 
reasonable limit. 

In one embodiment, the sync unit 128 is also used to provide loading 
information to the overlay system v^thout requiring modification to the 
existing system. For example, a power measurement unit 148 is coupled to 
the antenna 126 and measures the power on each forward link code channel 
generated by both the existing and overlay systems. In addition, the pilot 
signal receiver 140 determines the power of the pilot channel. Based upon 
this information, a compare imit 150 can determine a loading indication a 
according to Equation 2 below. 



a is a loading indication which remains less than one to indicate 
stable system behavior; 

Ep is the energy of the pilot signal; 

I^ is the total energy of the forward link code channels including the 
pilot charmel; 



a- 




Eq.2 



wherein: 
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Stable behavior of the system; and 



is the predetermined pilot channel fraction which ensiires 



' r 

\ ^ Jcurreni 



is equal to the current pilot channel fraction. 



In one embodiment the compare unit 150 calculates a load indication 
according to Equation 2 and provides this information to the overlay BTS 
118 which uses this value in an admission algorithm. In one embodiment, 
the existing BTS 114 continues to use a predetermined admission algorithm 
in the same manner as prior to introduction of the overlay BTS 118. 

Referring again to Figure 4, note that the power measurement imit 
148 measures the power on each forward link code channel for each chaimel 
of the existing system as well as each channel of the new overlay system. 
Therefore, with reference to Figure 2, in one embodiment, the power 
measurement imit 148 measures the power on each forward link code 
channel for each of the channels shown. 

The pilot signal receiver 140, the overlay channel receiver 142 and the 
power measurement unit 148 each perform the demodulation of signals. 
Therefore, in one embodiment, these blocks may be efficiently implemented 
in a single time-shared imit. In another embodiment, at least a portion of the 
receiver hardware is shared among these units. 

In the embodiments just described, a single pilot signal is transmitted 
by either the existing system or the overlay system. The trommon pilot 
signal is used by remote tmits operating in both systems in order to 
determine a phase reference which is used to demodulate the traffic channel 
signals. In an alternative embodiment, the principles of auxiliary pilot 
channel operation can be applied to either the existing system or the overlay 
system. The auxiliar)^ pilot provides a phase reference which is used by the 
remote unit in demodulating signals from the overlaid base station. 



wo 01/20817 



PCTAJSOO/24956 



15 

Figure 5 is a block diagram of a system in which the overlay system 
utilizes an auxiliary pilot channel. In Figure 5, the overlay BSC 116 is 
coupled to an overlay BTS 160. The overlay BTS 160 is coupled to a 
directional, spot antenna 162. The directional, spot antenna 162 provides an 
5 area of coverage within the coverage area of the existing system. For 
example. Figure 6 is a representative drawing showing the use of a 
directional, spot antenna. The larger region 170 represents the coverage area 
of the antenna 122 and the smaller coverage area 172 represents the coverage 
area of the directional, spot antenna 162. In an actual system, a directional, 

10 spot antenna may be used to provide a coverage area primarily including a 
particularly high-loading region. For example, a directional, spot anterma 
may be used to provide coverage area to a football stadium, shopping mall 
or university campus. In one embodiment, the spot antenna 162 can have 
the same coverage as the antenna 122. Ftirthermore, it is not necessary to 

15 have a separate anterma to use the auxiliary pilot channel. In this case, the 
auxiliary pilot channel can be used to provide the phase reference for the 
signals transmitted by the overlaid base station in the manner illustrated by 
Figure 3. In this embodiment, sync unit 164 provides for timing of existing 
base station 114 relative to overlaid base station 118 or 162. 

20 In this embodiment, the overlay BTS 160 transmits an independent 

pilot which is orthogonal to the pilot signal transmitted by the existing BTS 
114. In the embodiment in which the overlaid BTS has a smaller coverage 
area than the existing BTS, as a remote imit drives from within the coverage 
area 170 into the coverage area 172, the remote imit performs a handoff from 

25 the existing system to the overlay system, according to well-known 
techniques. Within the coverage area 172> the remote imit uses the pilot 
signal transmitted by the overlay BTS 160 as a phase reference. For this 
reason, it is no longer necessary for the signals transmitted from the overlay 
base station 160 to be in phase synchronization with the signals transmitted 

30 from the existing BTS 1 14 as perceived by the remote unit. 
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Although in the case of a cdma2000 system overlaying an lS-95 
system when the auxiliary pilot is used by the overlay system, phase 
synchronization is not required between an existing system and an overlay 
system, time synchronization is still important to provide orthogonality of 
5 the signals. Therefore, in Figure 5, the sync vmit 164 and antenna 166 need 
only provide time synchronization information to the overlay base station 
160. 

In some embodiments, the pilot signal used by the overlay system 160 
uses a longer Walsh sequence than the existing BTS. For example, in one 

10 embodiment, the pilot signal transmitted by the existing BTS 114 is 64 chips 
in length while the Walsh symbol used to transmit the pilot from overlay 
BTS 160 is 512 chips in length. The use of a more lengthy Walsh sequence 
allows for the generation of many more orthogonal pilot signals, thus, 
allowing aiixiliary pilot channels to be assigned more often within a system. 

15 Additional information concerning auxiliary pilot channels can be found in 
U.S. Patent Application entitled ''Method and Apparatus for Providing 
Orthogonal Spot Beams, Sectors and Picocells" filed September 8, 1997, 
Serial No. 08/925,521 (the '521 application) which is assigned to the assignee 
hereof and incorporated herein in its entirety by reference. The *521 

20 application describes a method and apparatus for providing additional pilot 
channels that has minimvim impact on the number of available Walsh 
channels. The '521 application describes a method of concatenating 
combinations of a Walsh sequence and the complement of the Walsh 
sequence to provide an auxiliary pilot reference sequence. 

25 Figure 7 is a flowchart illustrating phase synchronization according to 

the invention. The teaching of Figure 7 can be applied directly to time 
synchronization. In block 200, the existing BTS 114 transmits a pilot signal 
using the first CDMA channelization over the antenna 122. In block 202, the 
sync unit 128 receives the pilot signal over the antenna 126. In block 204, the 

30 overlay BTS 118 transmits an information signal using the second CDMA 
channelization and transmits it over the antenna 122. The information signal 
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can be a traffic channel or other rennote imit specific signal or it can be a 
broadcast signal such as a sync channel or paging channel transmission. In 
block 206, the sync unit 128 receives the information signal over the antenna 
126. In block 208, the sync channel 128 compares the phase of the pilot 

5 signal to the phase of the information signal and generates a phase error 
indication. In block 210, the overlay BTS 118 adjusts the phase at which the 
information signal is transmitted in response to the phase error signal. 

In the case of timing synchronization, block 208 can be replaced with 
a block which compares the timing of the pilot signal to the timing of the 

10 information signal to generate a timing error signal. Likewise, block 210 can 
be replaced with a block which adjusts the timing at which the information 
signal is transmitted. 

Figure 8 is a flowchart showing one embodiment of a load control 
mechanism according to the invention. In block 220, the existing base 

15 station 114 transmits a pilot signal and one or more information signals over 
the antenna 122 using the first CDMA channelization. In block 222, the sync 
imit 128 receives the pilot signal over the antenna 126 and determines a 
power level of the pilot signal. In block 124, the overlay base station 118 
transmits one or more information signals using the second GDMA 

20 channelization over antenna 122. In block 226, the sync imit 128 receives the 
information signals transmitted using the first and second CDMA 
channelization over the antenna 126 and determines a power level of each of 
the information signals. In block 228, the sync unit 128 determines a level of 
loading based lipon the power measurements. In an alternative 

25 embodiment, the determination of loading may be calculated within the 
overlay BTS 118 or at some other location. In block 130, the level of loading 
is used to determine an admission criteria for the admission of additional 
signals transmitted from overlay BTS 118 using the second CDMA 
channelization. 

30 With respect to Figures 7 and 8 and the alternate embodiments 

discussed above, the process of obtaining signal energy via a second antenna 
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may be executed using a directional coupler or other signal energy coupling 
mechanism as noted above. 

The invention may be embodied in other specific forms without 
departing from its spirit or essential characteristics. For example, in one 
5 embodiment, the overlay system is a system having a more narrow channel 
bandwidth while the existing system has a more broad band channel. In one 
embodiment, more than two systems are overlaid upon one another. The 
described embodiment is to be considered in all respects only as illustrative 
and not as restrictive and the scope of the claim of the invention is, therefore, 
10 indicated by the appended claims rather than by the foregoing desaiptions. 
All changes which come within the meaning and range of equivalency of the 
claims are to be embraced within their scope. 

What is claimed is: 
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CLAIMS 

1. A method of overlaying a second CDMA system over a first 
CDMA system comprising the steps of: 

transmitting a first signal using a first CDMA channelization; 

transmitting a second signal using a second CDMA 
channelization, wherein said first and second CDMA channelization 
share at least a portion of a common frequency spectrum and wherein 
said first signal and said second signal are transmitted into a conunon 
coverage area; 

obtaining signal energy corresponding to said first signal; 

obtaining signal energy corresponding to said second signal; 

comparing a phase of said first signal to a phase of said second 
signal to generate a phase error indication based upon said obtained 
signal energies; and 

adjusting a phase at which said second signal is transmitted in 
response to said phase error indication. 

2. The method of Claim 1, wherein said first signal is a pilot signal. 

3. The method of Claim 1, wherein steps of transmitting said first 
and second signals comprise the step of transmitting said first and second 
signals over a first antenna. 

4. The method of Claim 3, wherein steps of obtaining signal energy 
corresponding to said first and second signals comprise the step of receiving 
said first and second signals over a second antenna. 

5. The method of Claim 1, wherein step of obtaining signal energy 
corresponding to said second signal comprises the step of using a coupler. 
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6. The method of Claim 1, wherein said second CDMA 
channehzation has a wider spectrum than said first CDMA channelization. 

7. The method of Claim 1, wherein said first CDMA channelization 
has a wider spectrtim than said second CDMA channelization. 

8. The method of Claim 1, wherein said second signal is a remote 
imit specific signal. 

9. The method of Claim 1, wherein said second signal is an 
information signal. 

10. The method of Claim 1, wherein said second signal is a broadcast 

signal. 

11. A method of overlaying a second CDMA system over a first 
CDMA system comprising the steps of: 

transmitting a first signal using a first CDMA channelization; 

transmitting a second signal using a second CDMA 
channelization, wherein said first and second CDMA channelization 
share at least a portion of a common frequency spectrum and wherein 
said first signal and said second signal are transmitted into a common 
coverage area; 

obtaining signal energy corresponding to said first signal; 

obtaining signal energy corresponding to said second signal; 

comparing a timing of said first signal to a timing of said 
second signal to generate a timing error indication based upon said 
obtained signal energies; and 

adjusting a timing at which said second signal is transmitted in 
response to said timing error indication. 

12. The method of Claim 11, wherein said first signal is a pilot signal. 
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13. The method of Claim 11, wherein steps of transmitting said first 
and second signals comprise the step of transmitting said first and second 
signals over a first antenna. 

14. The method of Claim 13 wherein steps of obtaining signal energy 
corresponding to said first and second signals comprise the step of receiving 
said first and second signals over a second antenna. 

15. The method of Claim 11, wherein step of obtaining signal energy 
corresponding to said second signal comprises the step of using a coupler. 

16. The method of Claim 11 wherein said second CDMA 
channelization has a wider spectrum than said first CDMA channelization. 

17. The method of Claim 11 wherein said first CDMA channelization 
has a wider spectrimi than said second CDMA channelization. 

18. The method of Claim 11 wherein said second signal is a remote 
unit specific signal. 

19. The method of Claim 11 wherein said second signal is an 
information signal. 

20. The method of Claim 11, wherein said second signal is a broadcast 

signal. 

21. A method of overlaying a second CDMA system over a first 
CDMA system comprising the steps of: 

receiving a first signal and one or more first information 
signals, said first information signals using a first CDMA 
channelization and providing service to a first coverage area; 
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receiving one or more second information signals, said second 
information signals using a second CDMA channelization and 
providing service to at least a portion of said first coverage area; 

determining a power level of said first signal; 

determining a power level of each of said one or more first 
information signals; 

determining a power level of each of said one or more second 
information signals; and 

determining a level of loading within said at least said portion 
of said first coverage area based upon said power level of said first 
signal and said power levels of said one or more first and second 
information signals. 

22. The method of Claim 21, further comprising the step of 
transmitting said one or more first information signal and said one or more 
second information over a first antenna. 

23. The method of Claim 22, wherein steps of receiving comprise the 
step of receiving signal energy over a second antenna. 

24. The method of Claim 21 wherein steps of receiving comprise the 
step of using a coupler. 

25- The method of Claim 21 further comprising using said level of 
loading to determine an admission criteria for admission of information 
signals transmitted using said second CDMA channelization. 

26. The method of Claim 21 wherein said second CDMA 
channelization has a wider spectrum than said first CDMA channelization. 



wo 01/20817 



PCTAJSOO/24956 



23 

27. The method of Claim 21, wherein said first CDMA channelization 
has a wider spectrum than said second CDMA channelization. 

28. The method of Claim 21 wherein said first signal is a pilot signal. 

29. A CDMA system comprising: 

a first base station configured to transmit a first signal; 

a second base station configured to transmit a second signal; 

and 

a sync unit configured to receive said first signal and said 
second signal and configured to determine a relative phase difference 
therebetween; 

wherein said second base station is further configured to adjust 
a phase at which said second signal is transmitted based upon said 
relative phase difference. 

30. The CDMA system of Claim 29, further comprising a first antenna 
coupled to said first and second base stations and configured to emit said 
first signal and said second signal. 

31. The CDMA system of Claim 29 wherein said first signal is a pilot 
signal and said second signal is an information signal. 

32. The CDMA system of Claim 29 wherein said first signal is 
transmitted using a first CDMA channelization and said second signal is 
transmitted using a second CDMA channelization. 

33. A CDMA system comprising: 

a first base station configured to transmit a first signal; 

a second base station configured to transmit a second signal; 

and 
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a sync unit configured to receive said first signal and said 
second signal and configured to determine a relative timing 
difference therebetween; 

wherein said second base station is further configured to adjust 
a timing at which said second signal is transmitted based upon said 
relative timing difference. 

34. A CDMA system comprising: 

a first base station configured to transmit a first signal and one 
or more first information signals, said first information signals 
providing service to a first coverage area; 

a second base station configured to transmit one or more 
second information signals having a second CDMA channelization, 
said second information signals providing service to at least a portion 
of said first coverage area; and 

a sjmc unit configiired to obtain a power level corresponding 
to each of said first signal and said one or more first and second 
information signals; 

wherein said second sync unit is further configured determine 
a level of loading within said at least said portion of said first 
coverage area based upon said power measurement of said first 
signal and said power measurements of said one or more first and 
second information signals. 

35. The CDMA system of Claim 34, wherein said second base station 
is further configured to determine an admission criteria for admission of 
information signals transmitted using said second CDMA channelization. 

36. A sync unit comprising: 



wo 01/20817 



PCTAJSOO/24956 



25 

a first receiver configured to receive a first signal having a first 
CDMA channelization and to produce an indication of a timing of 
said first signal; 

a second receiver configured to receive a second signal having 
a second CDMA channelization and to produce an indication of a 
timing of said second signal; and 

a time error detection unit configured to compare said timing 
of said first signal and said timing of said second signal to determine 
a relative timing offset indication to be used to adjust a transmission 
timing of said second signal. 

37. The sync unit of Claim 36 wherein said sync unit further 
comprises an antenna through which said first and second signal are 
received. 

38. The sync unit of Claim 36 wherein said sync imit further 
comprises a coupler through which said first and second signal are received. 

39. The sync unit of Claim 36, wherein said first and second receivers 
share at least a portion of hardware. 

40. The sync unit of Claim 36 wherein said first and second receivers 
are a single time-shared xmit. 

41. The sync imit of Claim 36, further comprising a phase error 
detection unit configured to compare a phase of said first signal and a phase 
of said second signal to determine a relative phase offset indication to be 
used to adjust a transmission phase of said second signal. 

42. The sync imit of Claim 36 further comprising a power 
measurement unit configured to determine a power level of said first and 
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second signal and a compare unit configured to determine a level of loading 
within a coverage area corresponding to said first and second signals. 

43. A sync unit comprising: 

a first receiver configured to receive a first signal and one or 
more first information signals having a first CDMA channelization, 
said first information signals providing service to a first coverage 
area; 

a second receiver configured to receive one or more second 
information signals having a second CDMA channelization, said 
second information signals providing service to at least a portion of 
said first coverage area; 

a power measurement vmit configured to determine a power 
level of said first signal, a power level of each of said one or more first 
information signals, and a power level of each of said one or more 
second information signals; and 

a compare imit configured to determine a level of loading 
within said at least said portion of said first coverage area based upon 
said power level of said first signal and said power level of said one 
or more first and second information signals. 



wo 01/20817 



PCT/US00/249S6 




FIG. 1 



wo 01/20817 



PCTAJS00y24956 



2/8 




wo 01/20817 



PCTAJS0D/249S6 




wo 01/20817 



4/8 



PCT/USOO/24956 




wo 01/20817 



PCTAJSOO/24956 




wo 01/20817 



6/8 



PCT/USOO/24956 




wo 01/30817 



PCTAJSOO/24956 



7/8 



Cl 

TRANSMIT A PILOT SIGNAL USING A FIRST CDMA 
CHANNELIZATION OVER A FIRST ANTENNA 



200 



202 



RECEIVE THE PILOT SIGNAL OVER A SECOND 
ANTENNA 



r 



204 



TRANSMIT AN INFORMATION SIGNAL USING A 
SECOND CDMA CHANNELIZATION OVER 
THE FIRST ANTENNA 



r 



206 



RECEIVE THE INFORMATION SIGNAL OVER 
THE SECOND ANTENNA 



208 



COMPARE THE PHASE OF THE PILOT SIGNAL TO 
THE INFORMATION SIGNAL TO GENERATE A 
PHASE ERROR SIGNAL 



r 



210 



ADJUST A PHASE AT WHICH THE INFORMATION 
SIGNAL IS TRANSMITTED 



FIG. 7 



wo 01/20817 



PCTAJS00/249S6 



^22 0 



TRANSMIT A PILOT SIGNAL AND ONE OR MORE 
INFORMATION SIGNALS USING A FIRST CDMA 
CHANNELIZATION OVER A FIRST ANTENNA 




} 


^222 


RECEIVE THE PILOT SIGNAL OVER A SECOND 
ANTENNA AND DETERMINING THE POWER LEVEL 
OF THE PILOT SIGNAL 






/-224 


TRANSMIT ONE OR MORE INFORMATION SIGNALS 
USING A SECOND CDMA CHANNELIZATION OVER 
THE FIRST ANTENNA 


6 




^22 



RECEIVE THE INFORMATION SIGNALS HAVING BOTH 
THE FIRST AND SECOND CHANNEUZATION AT THE 
SECOND ANTENNA AND DETERMINING A PO\NER 
LEVEL IN EACH INFORMATION SIGNAL 



DETERMINE A LEVEL OF LOADING BASED ON THE 
INFORMATION SIGNAL AND PILOT SIGNAL POWER 
MEASUREMENTS 



USE THE LEVEL OF LOADING TO DETERMINE AN 
ADMISSION CRITERIA FOR ADMISSION OF 
INFORMATION SIGNALS TRANSMITTED USING 
THE SECOND CDMA CHANNEUZATION 



FIG. 8 



INTERNATIONAL SEARCH REPORT 



tntei. anal Application No 

PCT/US 00/24956 



A. CLASSIFICATION OF jSUBJECT MATTER 

IPC 7 H04B7^6 






According to International Patent Classification (IPC) or to both national classification and IPC 




B. REtOS SEARCHED 


Minimum documentation searched (classification system totlowed by dassitication symbols) 

IPC 7 H04B H04Q 


Documentation searcfied other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the Intemationai searcti (name of data bas 


«and, where practical, search terms used 


) 


EPO-Internal, INSPEC, RAJ, WPI Data 






C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category • 


Ctiation of document, wfth indicaiion. where appropriate, of the relevant passages 


Relevant to daim No. 


A 


US 5 828 659 A (LARSSON LARS GUSTAV ET 
AL) 27 October 1998 (1998-10-27) 

column 3, line 30 - line 36 
column 4, line 18 - line 33 
claims 1,4,10,11 


I. 3,4, 

II. 29, 
33,36 


A 


US 5 608 765 A (TANOUE KATSUMI) 
4 March 1997 (1997-03-04) 

abstract; figure 1 

column 2, line 51 -column 3, line 4; 

claims 1-3 


I, 3,4, 

II, 29. 
33,36 






/- 




1 1 Further documenls are listed in the continuation of box C. 


jy 1 Patent famly membets are listed 


In annex. 


* Special categories of dted documents : 

*A" document defining the general state of the art which is not 

considered to be of particutar relevance 
*E* earfier document but published on or after the intemationai 

filing dale 

'L* document which may throw doubts on priority claim(s)or 
which Is ctted to establish the publicatbn date of another 
citalion or other special reason (as specified) 

'0* document referring to an oral disctosuie. use, exhibition or 
other means 

'P" document published prior to the imemaiionat filing date but 
later than the priority date claimed 


"T* later document published after the international filing dale 
or priority date and not In conflict with the application but 
died to understand the principle or theory underiyingthe 
invention 

"X" document of particular relevanoe: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step wtten the 
document Is combined with one or more other such docu- 
ments, such ooinbinatlon being obvious to a person aid Bed 
Intheart 

*&* document member of the same patent family 


Date of the 


actual completion ot the intemationai search 


Date of mailing of the international search report 


20 December 2000 


28/12/2000 




Name and 1 


nalDng address of the ISA 

European Patent Office, P.B. 5618 Patertttaan 2 
NL-2280HVRQsw$k 
Tel (♦31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (♦31-70) 340-3016 


Authorized Officer 

Amadel, D 



PCT/ISA/210 (sooond sTimi) guty 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intel . onal Application No 

PCT/US 00/24956 



C.(Continuatlon) DOCUIUENTS COI^DERED TO BE RELEVANT 



Category " Citation ot document, with Indicatbn .where appropriate, ol the relevant passages 



Relevant to claim No. 



US 5 224 120 A (SCHILLING DONALD L) 
29 June 1993 (1993-06-29) 
abstract; claim 17 
column 2, line 36 - line 39 
column 5, line 42 - line 68 
column 17, line 6 - line 22 



21-25, 
34,35,43 



Foim PCTASAaiO <eantinu«ian ol aeoonc SM) <Juiy 1962) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family m ember s 



Intel . onal Application No 

PCT/US 00/24956 



Patent document 
dted in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5828659 



27-10-1998 



AU 
AU 
BR 
CA 
CN 
EP 
FI 
JP 
NZ 
WO 



677079 B 
7012994 A 
9405406 A 
2141445 A 
1112385 A 
0659326 A 

950626 A 
8500474 T 

267747 A 
9430024 A 



US 5608765 



04-03-1997 



JP 
SE 



8023568 A 
9502464 A 



US 5224120 



29-06-1993 



US 
US 
DE 
DE 
EP 
EP 
EP 
ES 
S6 
WO 
US 
US 
US 
US 
US 
US 
US 
US 
US 



5351269 
5367533 
69132287 
514539 
0514539 
0987913 
0991209 
2137902 
43893 
9210891 
5469468 
5365544 
5588020 
5506864 
5703874 
5663956 
5263045 
5974039 
6011789 



10-04- 
03-01- 

08-09- 
22-12- 
22-11- 
28-06- 
14-02- 
16-01- 
27-07- 
22-12- 



1997 
1995 
1999 
1994 
1995 
1995 
1995 
1996 
1997 
1994 



23-01-1996 
09-01-1996 



27-09-1994 
22-11-1994 
10-08-2000 
09-12-1999 
25-11-1992 
22-03-2000 
05-04-2000 

01- 01-2000 

14- 11-1997 

25- 06-1992 
21-11-1995 

15- 11-1994 
24-12-1996 
09-04-1996 
30-12-1997 

02- 09-1997 

16- 11-1993 

26- 10-1999 
04-01-2000 



Foim PCTASAS10 (pal«nit8n% anneB} (July 1998) 



